A new measurement of the parity-violating asymmetry in the electron-deuteron quasielastic scattering for backward angles at hQ 2 i ¼ 0.224 ðGeV=cÞ 2 , obtained in the A4 experiment at the Mainz Microtron accelerator (MAMI) facility, is presented. The measured asymmetry is A d PV ¼ ð−20.11 AE 0.87 stat AE 1.03 sys Þ × 10 −6 . A combination of these data with the proton measurements of the parity-violating asymmetry in the A4 experiment yields a value for the effective isovector axial-vector form factor of The most remarkable feature of the strong interaction at low energies is confinement. Its effect, however, cannot be calculated using perturbative methods of the QCD theory. The QCD degrees of freedom, the quarks, are present as hadrons-mesons and baryons. Among the baryons, the proton is the ground state. Its structure can be understood in terms of the valence quarks and the quark sea, consisting of quark-antiquark pairs that involve mainly the three light quarks u, d and s. The strange quark s in the proton is then a pure quark sea effect. Parity-violation experiments have been the tool of choice for exploring the vector-matrix elements of the strange quark [1] . The parity-violating asymmetry contains electroweak radiative corrections that exhibit the same kinematic dependence as the nucleon axial-vector form factor. These radiative corrections can be large; in particular, the anapole radiative correction depends strongly on the hadronic structure, as it arises from the coupling of the virtual photon to axial-vector currents originating from the internal electroweak dynamics of the nucleon [2] [3] [4] .
The most remarkable feature of the strong interaction at low energies is confinement. Its effect, however, cannot be calculated using perturbative methods of the QCD theory. The QCD degrees of freedom, the quarks, are present as hadrons-mesons and baryons. Among the baryons, the proton is the ground state. Its structure can be understood in terms of the valence quarks and the quark sea, consisting of quark-antiquark pairs that involve mainly the three light quarks u, d and s. The strange quark s in the proton is then a pure quark sea effect. Parity-violation experiments have been the tool of choice for exploring the vector-matrix elements of the strange quark [1] . The parity-violating asymmetry contains electroweak radiative corrections that exhibit the same kinematic dependence as the nucleon axial-vector form factor. These radiative corrections can be large; in particular, the anapole radiative correction depends strongly on the hadronic structure, as it arises from the coupling of the virtual photon to axial-vector currents originating from the internal electroweak dynamics of the nucleon [2] [3] [4] .
The contribution of the strange quark (G s E;M ) to the nucleon electromagnetic form factors G p;n E;M can be determined from the neutral weak form factors [5] . These form factors can be obtained by measuring the parity-violating asymmetry in elastic electron-proton scattering. Through a combination of two measurements of the parity-violating asymmetry at the same Q 2 , the electric and magnetic strange form factors G s E and G s M can be separated [1] , if the effective axial-vector form factor G e;p A is introduced as an input [6] . A third measurement of the parity-violating asymmetry in the quasielastic electron-deuteron scattering at backward angles will then isolate the effective isovector axial-vector form factor G [7] . The combination of the A4 results presented here with asymmetries measured previously in the A4 experiment [6, 8] , and with the asymmetries obtained in the G0 experiment at the Thomas Jefferson National Accelerator Facility [9, 10] , leads to a substantial reduction of the experimental uncertainty for the values of G e;ðT¼1Þ A and of G s M . The anapole radiative correction is extracted and compared to the theoretical calculations of Zhu et al. [2] . This radiative correction contains hadronic effects. The determination of these radiative corrections has an important role in high-precision determinations of the weak mixing angle sin 2 θ W at very low Q
2
, as is planned in the P2 experiment in Mainz [11] .
The parity-violating asymmetry can be decomposed into three terms:
, where the subscript V refers to the vector coupling to the nucleon without strangeness, S to the vector coupling of the strange quark, and A to the axial-vector coupling of the nucleon. The difference between the measured value of A PV and the theoretical expectation for A V gives a term that depends on G 
where a ¼
with M N being the nucleon mass,
, and τ 0 ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi τð1 þ τÞ p . The radiative corrections in the tree-level equation (1) have been taken into account; see Ref. [1] .
The parity-violating asymmetry in the electrondeuteron quasielastic scattering separates G e;ðT¼1Þ A from G e;ðT¼0Þ A :
and G e;ðT¼1Þ A are parametrized as follows:
where R ðT¼0Þ A and R ðT¼1Þ A are the isoscalar and isovector electroweak radiative corrections, respectively; M A ¼ ð1.026 AE 0.021Þ GeV=c 2 is the axial mass [12] ; g A ¼ 1.2723ð23Þ is the nucleon axial coupling due to the neutron beta decay [13] ; and Δs ¼ −0.13 AE 0.13 is the strangequark contribution to the nucleon polarization [14] .
Each component R values are calculated from multiquark diagrams using the heavy baryon chiral perturbation theory (HBχPT) [2, 3, 15] and the chiral quark model (χQM) [4] . The calculations of R ðT¼iÞ;anap A are affected by large theoretical uncertainties related to the lack of knowledge about the parity-violating meson-nucleon couplings [2] [3] [4] 15] . In Eq. (2), we assume the static approximation. There are calculations that have taken into account the coherent scattering on the deuteron, including two-body current operators [16] and parity-violating nucleon-nucleon interactions [17, 18] . The systematic error associated with assuming the static approximation has been estimated to be at the level of 1% [19] for the A4 kinematics, and it is included in the extraction of the form factors and the anapole radiative correction.
The experimental setup used in the A4 experiment [6, 8, [20] [21] [22] [23] [24] [25] [26] [27] at MAMI is described in detail in Ref. [8] . In short, the accelerator provides a high-quality, longitudinally polarized electron beam with up to 80% polarization, a current of 20 μA and a beam energy of 315.1 MeV. The data were taken alternately with and without insertion of a λ=2 wave plate in the polarized electron-beam source ("in"/"out"). The λ=2 wave plate suppresses systematic effects and serves to systematically test the correct change of sign for the physical parity-violating asymmetry. False asymmetries originate from helicity-correlated beam differences of energy, position, angle and intensity. Several feedback loops stabilize these beam parameters.
Once the beam reaches the A4 experiment, it passes with a luminosity of 1.4 × 10 38 cm −2 s −1 through a liquid deuterium target [26] . The scattered electrons are registered in a homogeneous, segmented, totally absorbing electromagnetic PbF 2 calorimeter [22] that is mounted on a rotatable platform and can be operated at both forward and backward angles. The calorimeter is composed of 1022 crystals arranged in 146 slices and 7 rings. They cover the 2π azimuthal angle and the polar-angle interval ½140°; 150°. The energy resolution is 3.9%= ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi EðGeVÞ p , which is enough to separate elastically scattered from inelastically scattered electrons. The signals are digitized using fast electronics with a single-channel dead time of 20 ns and are stored as histograms. Individual events are counted in the histogram. In the backward configuration, an additional detector consisting of plastic scintillators discriminates between charged and neutral particles, separating scattered electrons from photons originating from π 0 decays. For each of the 1022 channels, four histograms of the detected events are stored on disk every five minutes. For each polarization state ðþ; −Þ, an energy spectrum for charged particles ðAþ; A−Þ and a spectrum for neutral particles ðBþ; B−Þ is generated; see Fig. 1 .
In the spectrum ðAþ; A−Þ, the quasielastic peak from scattering off deuterium is clearly visible (Fig. 1) . It is broadened due to Fermi motion. A Gaussian function is fitted to the right slope of this spectrum to obtain the mean value of the peak, μ, and its width, σ. This spectrum contains background contributions from the conversion of high-energy photons in the aluminum of the scattering chamber and in the plastic scintillators in front of the calorimeter. The parity-violating asymmetry A e is extracted from ðAþ; A−Þ through counting the number of scattered particles under the quasielastic peak, by integrating between a lower-cut value c l and an upper-cut value c u . The parity-violating asymmetry of the background A γ is obtained from ðBþ; B−Þ. These asymmetries are averaged over the five inner rings of the detector, weighted by their respective cross sections. The method for the correction of the background asymmetry is explained in detail in Ref. [6] . The correction for the background with a dilution factor f is The parity-violating asymmetry is corrected for other sources of background contributions that have their own asymmetries: the quasielastic scattering on the aluminum windows possesses parity-violating asymmetry A a with a dilution factor g, the random-coincidence events in the plastic scintillators have A r with dilution factor h, and the electron-deuteron elastic scattering exhibits have A η with dilution factor η. These background sources have been corrected globally. The corrections have been calculated from the difference
as f is dominant. The aluminum background is estimated from a measurement of the energy spectrum with empty target. A a is calculated assuming the static approximation, using A Vertical lines mark the positions of the quasielastic peak, the elastic peak, the upper cut, the lower cuts (dashed lines) and the pion-production threshold (dot-dashed lines). scattering is estimated from the cross section calculated with a phenomenological parametrization of the three electromagnetic form factors of the deuteron [28] . A η without strangeness is obtained from Ref. [29] . A i PV is corrected for target-density fluctuations and for the false asymmetries from helicity-correlated beam differences in the energy, position, angles and current, applying a multilinear regression method. The set of systematic corrections and uncertainties is summarized in Table I . Several systematic tests show that A PV is the physical parity-violating asymmetry. A i PV shows no significant dependence on the azimuthal angle. A k PV exhibits the change of sign expected for a parity-violating asymmetry under the insertion of a λ=2 wave plate in the polarized electron-beam source (Fig. 2) . A normal probability distribution has been fitted to the experimental sample of A j PV ; see Fig. 3 .
The three measurements in the A4 experiment at hQ 2 i ¼ 0.224 ðGeV=cÞ 2 , two of A p PV at forward and backward angles [6, 8] The first error originates from the statistical error of the asymmetries, the second from the systematic uncertainties, and the third from theory.
A further reanalysis was performed for the published data of the G0 experiment [9, 10] . The set of three asymmetries for each Q 2 have been used to determine are shown in Table II . The statistical, systematic and theoretical errors have been added in quadrature.
The extracted quantities based on the measurements obtained in the A4, G0 [9, 10] and SAMPLE (at the MIT Bates lab [31] ) experiments of G e;ðT¼1Þ A at different Q 2 and the calculation of Zhu et al. [2] , assuming a Q 2 dipole dependence with the axial mass [12] , are shown in Fig. 4 . These quantities agree with the theoretical expectation values within the error bars and exhibit a consistent Q 2 dependence.
The extracted quantities shown in Table II were determined using as theoretical input the lattice-QCD calculation of G s E [7] . Combination with the quantities obtained from a reanalysis of the G0 data [9, 10] enabled a reduction of the experimental uncertainties.
Future measurements of A PV in the A4 experiment at Q 2 ¼ 0.1 ðGeV=cÞ 2 will help to further reduce the errors of G 
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